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Abstract 
At the retreat center in San Juan Bautista, run by the Franciscan brothers, there is a 
dry pond that at one time was full of water. Over time, however, the pond has lost water due 
to the effects of the California drought. In order to bring back the aesthetics of the St. Francis 
Retreat Center and restore the habitat, this project allows for the design of a pump and piping 
system that will bring water from a well and recharge the pond, working in tandem with 
another senior design group for the water purification of the well.  The proposed solution is 
an environmentally and economically conscious design, which will efficiently bring water 
from the well and recharge the pond, restoring the peaceful aesthetics for the retreat 
community.   
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California is one of the largest agricultural states in the United States and because of 
this relies heavily on both surface water and groundwater for its crops. When the winter 
months do not bring the rain required to fulfill surface water needs, there is a heavier reliance 
on groundwater. Drought is defined as a lack of precipitation over an extended period 
resulting in a water shortage for an activity (“Drought Basics”). The cyclical nature of 
drought in California affects areas with a high dependency on agriculture. For example, the 
San Joaquin Valley is a place known historically for supporting itself through diverse 
agriculture. The warm climate and windy conditions have made the valley a perfect place for 
year round farming. The combination of these two aforementioned conditions are what help 
maintain the San Joaquin Valley economy at a steady state (“San Joaquin Valley 
Agriculture”). As the amount of rainfall in the valley has declined significantly, the amount 
of surface water readily available for farming and agriculture has diminished. According to 
the UC Davis Center for Watershed Sciences, the use of groundwater to replenish surface 
water needs during the most recent drought jumped from 31% to 55% (Alcantara). According 
to USGS, more reliance on groundwater to meet water demands has been shown to be 








 The St. Francis Retreat Center, located 50 miles south of Santa Clara University, as 
can be seen in Figure 1, in the San Juan Valley, is a small retreat center run by the Franciscan 
Friars of the Province of St. Barbara.  
 
Figure 1. Distance from Santa Clara University to the St. Francis Retreat Center. 
 
One of the Friar’s core values focuses on stewardship of the earth, in the spirit of St. 
Francis of Assisi. The Franciscan brothers of California “purchased 73 acres and the main 
buildings of the Rancho from the Hedges estate” in 1947 and opened the St. Francis Retreat 




Figure 2: Historic Image of St. Francis Retreat Center in San Juan Bautista, CA (St. Francis Retreat). 
On the retreat property, there lies a two-and-a-half-acre pond, historically known as 
Flint Lake. Over time, the pond has begun to lose water due to the effects of the drought and 
because of the 1906 earthquake, which caused a depression to form in the pond, ultimately 
affecting the pond’s ability to retain water (“San Andreas Fault…”). Figure 3 shows the 
status of the pond in August 2016.  
 
Figure 3: Ground Level view of dry summer status of Flint Lake (Agakanian & Cantoni). 
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The Retreat Center holds community retreats almost every weekend; these retreats are 
meant to bring peace and serenity to its attendants and guests. The lack of water in Flint Lake 
diminishes this sense of peace and serenity and decreases the aesthetically pleasing 
environment, taking away from the calming meditative experience the St. Francis Retreat 
Center prides themselves on. The once full pond is now a dry area of land that the Retreat 
Center would like to return to its natural abundance. 
Replenishing the pond requires a source of water. The Retreat Center owns the rights 
to a well with water that could provide water to fill the pond during the summer months. 
Prior to the adoption of this project, the water in the well was tested for contaminants. It was 
found that the water contained 22 mg/L of nitrate-Nitrogen and 98 mg/L of nitrate-NO3. 
According to the Maximum Contaminant Levels (MCL) set by the Environmental Protection 
Agency (EPA), “nitrate is a regulated drinking water contaminant with an established [CA] 
state MCL of 45 mg/L as [nitrate-NO3] or 10 mg/L as [nitrate-Nitrogen]” (Waterboards).  
Though there is a current pipe in place that was connected to the well, the nitrate 
contaminants in the water forced the Retreat Center to disconnect the pipe from the water 
source. Due to the lack of use, the current pipe in place has deteriorated over the years, to the 
point where the design and installation of an entirely new pipe is necessary. There is no other 
current means of bringing the water to the pond.  
Working with fellow senior students, Drew Highlander and Patrick Johnson, the 
water will be treated and then distributed to the pond in an attempt to restore it using a 
bioremediation system. The well in proximity to the retreat center and pond can be seen in 




Figure 4: Aerial View of Flint Lake and Pond. 
Project Objectives 
 The goal for this project was to redesign the current pipe system in place at the retreat 
center to meet the water demand in order to refill and recharge the pond, and to use the water 
from the well located on the other side of the property to accomplish this goal.   
1. Design a system that recharges Flint Lake 
Another goal of this project was to uphold the Retreat Center’s values of stewardship 
and sustainability, and therefore it was decided to power the pump for the well using wind or 
solar energy.  
2. Use alternative energy to sustainably pump water from the well 
Recharging the pond will create a more aesthetically pleasing Retreat Center, which 
will serve the community need. Additionally, by recharging the pond and adding a 
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bioremediation system, the plant and animal life at the center will improve. The pond has 
served as a home to both plant and animal life in the past, and with the recharge could 
continue to do so. By addressing this environmental need, the improvement in plant life will 
allow the ecosystem at the retreat center to flourish.  
Non-Technical Issues 
An important aspect to consider when designing for the Franciscan community is the 
financial commitment required by the project. The capital needed for the project can be 
stressful for a community that does not seek or receive outside funding. The initial cost can 
also affect the size of the project. The best way to manage the financial risk is to decrease the 
amount of maintenance costs. This can be done by using responsible and sustainable 
materials throughout the project.  
Water quality is a main priority to ensure public safety and longevity of the design. In 
order to ensure clean pond water is delivered to the pond, quality control steps must be taken 
at various stages throughout the project. During the primary design phase, water quality and 
environmental consciousness is the utmost priority. Drew and Patrick were in charge of the 
water quality portion of the design using their bioremediation system.  
 The materials used throughout the water distribution system will directly affect the 
longevity and overall success of this project.  The Retreat Center does not have many funds 
available for a project like this to be run for an extended amount of time. This is why it is 
crucial to use either solar power or wind power in order to power the pump. Using one of 
these systems can help ensure constant power to the pump and the pipe system. 
Economic efficiency is also a key in this project. It is a key design principle to supply 
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energy at a low cost and have an energy efficient pump. In a study done by Luis Pérez 
Urrestarazu and Charles M. Burt, the data for irrigation pumps in Central California was 
obtained. It was discovered that the Overall Pumping Plant Efficiency (OPPE) values are 
better when the total dynamic head, flow, and input power are high (Urrestarazu, 2012). 
Additionally, since this project tried to be as economically and energy efficient as possible, 
the study was useful in picking a pump with “potential energy savings” (Urrestarazu, 2012). 
Design Information 
In order to design for a pump system that would meet the current conditions of the 
pond, it was essential to obtain monthly averages for evapotranspiration for the years 2000 to 
2017 and understand the flow of water through the soil in the pond. The data was obtained 
from the San Juan Valley CIMIS Station, located relatively close to the Retreat Center (see 
Figure 5). 
 
Figure 5. Location of CIMIS Station in proximity to Flint Lake. 
  
Because local runoff is not enough to maintain the volume of the pond, it was decided 
that pumping during the summer months would be the most demanding period to keep the 
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pond filled. The CIMIS data was therefore narrowed down to the months of April through 
October, and values were averaged over the course of the data years. The evapotranspiration 
data was used to determine the overall water demand needed to refill the pond.  
 Obtaining evapotranspiration rates were not enough to account for the total amount of 
water lost in the pond. By determining the soil type of the pond, which was found to be 
Diablo Clay, a class C soil, the infiltration rate was found to be 0.12 inches per hour based on 
the USDA Soil Classification chart ("Soil Quality Indicators"). Using the evapotranspiration 
and infiltration rates, the rate at which the water was lost from the months of April through 
October was determined. Overall it was found that the total amount of water lost within those 
months ranged from seven (7') to eight (8') feet.   
 In order to fill the pond to capacity, a flow of about 145 gallons per minute (gpm) was 
needed to make up for the loss. It was realized that this flow would be difficult to achieve, 
and so the system was designed to fill only 60 percent of the pond, which returned a flow rate 
of 85 gpm.  
The existing path of the pipe was found to have the most useable topography. A steep 
valley was discovered in between the two hillsides, and so the proposed design would 
include a combination of an above ground and underground pipe. Figure 6 shows the layout 
of the proposed pipe route. The total length of the pipe would be 713 meters; the first section, 
which starts from the wellhead, would be 380 meters, the yellow section, which denotes the 





Figure 6: GIS Mapping of Points and Pipe Route. 
Using the required flow rate and the proposed pipe elevations, the required dynamic 
head and power were determined. The conservation of energy equation, Equation 1, along 
with the Darcy-Weisbach friction equation, Equation 2, were manipulated to determine the 





 From these results, a system curve was able to be created for the future pump 






When searching for which material pipe to use for the system, it was decided to 
choose the best pipe for the lowest cost. The proposed pipe materials were therefore 
Polyvinyl Chloride and High Density Polyethylene, better known as PVC and HDPE, 
respectively. The PVC pipe was used for the underground section, whereas the HDPE pipe 
was used for the above ground section of piping. According to the Plastic Pipe Handbook, 
the standard material for above ground piping is HDPE with 2% carbon black to protect the 
pipe from UV light ("Above Ground..."). Both pipes were determined to have two-inch (2”) 
diameters based on the maximum gallons per minute each pipe diameter can handle 
according to the Plastic Pipe Standards. 
Because the above ground section of the pipe would be suspended over the valley, 
pipe supports were designed to hold the pipe every six (6) meters. First, the minimum 
distance between supports was determined based on the material, length, and deflection of 
the pipe, according to the Plastic Pipe Handbook. The final spacing design of six (6) meters 
was more conservative than the minimum distance of nine (9) meters. These supports 
included a C-channel where the pipe would rest; the channel would be bolted into the base of 
the support, along with a pipe clip laid over the pipe to keep it in place. The base of the 
support would be steel, along with a concrete foundation. A detailed drawing of this can be 
seen in Appendix B.  
In order to remain economically and environmentally conscious, the design included 
a pump, powered using alternative energy. The following items needed to be considered 
before the selection process began.  





To begin, it was decided that the goal was to fill the pond approximately 60 percent 
full, which would fill 1.5 acres of the pond. In order to do this, the water needed to be 
pumped at 85 gpm. In combination with this flow rate, the selected pipe material, and the 
pipe route elevation, the total dynamic head for the system was determined to be 160 meters, 
as can be seen in the aforementioned calculations in Appendix A. A system curve shown in 
Figure 7 was created to help determine a capable pump.  
The well that the Retreat Center has rights to sits in a triangular plot of land 
approximately eight square meters. Due to the lack of space, the most feasible pump option 
was a submersible pump that would be placed within the well, which would free up more 
space outside the well for the accessories required for the alternative energy to power the 
pump. Unfortunately, many DC, alternative energy pumps can either pump at a high flow 
rate capacity or pump capable of high elevation lift, but there were none available capable of 
both a high flow and a high lift. Unable to fulfill the original goal of 60 percent full of the 
pond, the focus of the pump research switched to finding pumps capable of lifting the 
required head. Of the options available, the one with the highest flow rate was selected as a 
part of the final design. The DC powered submersible Sun Pump was selected for its ability 
to meet the required head, as can be seen in Figure 7, as well as its ability to connect to both 
solar and wind DC power. The system curve and the pump curve intersect at a flow of about 




Figure 7: System Curve vs. Sun Pump Curve. 
The selected Sun Pump required 3,000 watts of energy to power at capacity, but for 
solar power, 20 percent needed to be added in order to account for degeneration of the solar 
panels, which meant the required energy for solar power was 3,600 watts (Schaeffer). The 
most cost effective and space efficient pump power option was the Kyocera 340 watt solar 
panels because this option only required eleven (11) five foot (5’) by four foot (4’) panels to 
power the system even with the five hours of peak sunlight, which is when the solar energy 
from the sun is the strongest and creates the most power in the solar panels (Baker). 
According to the CIMIS wind and solar radiation data and the data gathered from the 
weather station on site, the average wind speed in the valley was about 10-15 miles per hour 




many windmills and wind turbines. The Southwest Windpower Whisper 500 Wind Turbine 
can operate at wind speeds as low as 15 mph, so the 14-foot two-blade rotor wind turbine 
was the best option to power the pump. 
Ultimately, solar power proved to be more feasible and more cost efficient. Even 
though the solar panels are large and seemingly space inefficient, they can be placed 
approximately 100 m away from the pump location, which means they do not necessarily 
need to fit in the small eight square meter space near the well and could instead be placed 
along the pipe easement. The solar panels in combination with the pump cost was much more 
efficient than the wind turbine option. The required costs for both the wind and solar 
powered pump have been summarized in Table 1 below.  
Table 1: Pump Cost Summary. 
Solar Power Wind Power 
Pump $2,095 Pump 
Controller $530 Controller 
Solar Panels $2,300 $7,995 Wind Turbine 
Ground Mounting $1,250 $415 Breaker Box 





 The final design included a piping system that was both above ground and 
underground. The first underground section of piping was composed of segments of 20-foot 
PVC pipe, totaling 63 pieces of pipe. The above ground section was composed of HDPE pipe 
(also in 20-foot segments), totaling eight pieces of pipe. The final underground section was 
composed of PVC once again, totaling 45 pieces of piping. The final design, when only 
taking into account the material cost, was approximately $3,800.  An approximate layout of 
the pipe design is included in Figure 8 below. 
 
Figure 8. Proposed Pipe Layout using the Land Topography. 
 Based on the chosen Sun Pump and solar energy powering the pump, the flow rate for 
the system was adjusted to 23 gpm. Using this maximum flow rate, provided by the solar 
powered pump, it was found that the pond would only fill up about four inches (4”) to five 
inches (5”) per month over the course of the summer months. This in turn only fills about 16 




Though it would have been ideal to fill the pond up the 60 percent, it was deduced 
that alternative energy powered pumps simply do not have the capability to lift and pump 
sufficient water as the design requires. Even though the pond design goal was not met, the 
initial goals of the project were. The designed system ended up using alternative means of 
energy to bring about water from the well and into the pond, meeting the sustainability goal 
of this project. Additionally, though it was found that the pond would not fill to capacity 
based on the designs, the water that would fill the pond is a beginning to the recharge and 
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Figure 10. Drawing of pipe supports along length of pipe and section cut of support design. 
 
